Temozolomide has established activity in the treatment of recurrent glioblastoma multiforme (GBM). Caelyx (liposomal doxorubicin) has established activity in a broad range of tumors but has not been extensively evaluated in the treatment of GBM. Phase 1 data suggest that temozolomide and Caelyx can be combined safely at full dose. In this phase 2 study, combination temozolomide (200 mg/m 2 orally, days 1-5) and Caelyx (40 mg/m 2 i.v., day 1) was given every 4 weeks to a cohort of 22 patients with recurrent GBM, who received a total of 109 cycles (median 3.5 cycles). The median age of the patients was 55 years (range, 31-80 years), and 17 were male. All patients had received radiotherapy, but only 2 had received prior chemotherapy. One patient (5%) had a complete response, 3 patients (14%) had a partial response, and 11 patients (50%) had stable disease. The median time to progression for the cohort was 3.2 months (range, 1-13 months). Median overall survival was 8.2 months (range,
1-16+ months). Seven patients (32%)
were progression free at 6 months. Hematological toxicity included grade 3/4 neutropenia in 4 patients (18%) and grade 3/4 thrombocytopenia in 4 patients (18%). Grade 3 nonhematologic toxicity included rash in 3 patients (14%), nausea and vomiting in 1 patient (4%), hypersensitivity reaction to Caelyx in 3 patients (14%), and palmar-plantar toxicity in 1 patient (4%). We conclude that the combination of temozolomide and Caelyx is well tolerated, results in a modest objective response rate, but has encouraging disease stabilization in the treatment of recurrent GBM. Neuro-Oncology 6, 38-43, 2004 (Posted to Neuro-Oncology [serial online], Doc. 03-018, November 6, 2003 DOI: 10.1215 P rimary brain tumors represent approximately 2% of all adult cancer deaths, with approximately 13,000 persons dying each year in the United States (Jemal et al., 2002) . Glioblastoma multiforme (GBM) 2 is the most common malignant primary brain tumor and is associated with a poor outcome. The median survival is usually less than 1 year from diagnosis Stupp et al., 2001) . Despite initial treatment with surgery and radiotherapy, most patients relapse within 6 to 12 months (Levin, 1999; Surawicz et al., 1999; Walker et al., 1980) . Treatment in the recurrent setting may include palliative chemotherapy. Phase 2 trials of single-agent or comCopyright © 2004 by the Society for Neuro-Oncology Downloaded from https://academic.oup.com/neuro-oncology/article-abstract/6/1/38/1146970/Phase-2-study-of-temozolomide-and-Caelyx-in by guest on 08 October 2017 bination salvage chemotherapy regimens have included agents such as nitrosoureas, taxanes, and temozolomide. These regimens have reported objective responses but have had minimal impact on survival (Brada et al., 2001; Burton and Prados, 1999; Kapelle et al., 2001; Rosenthal et al., 2000; Wong et al., 1999; Yung et al., 2000) .
Temozolomide is a second-generation imidazotetrazine derivative that is well tolerated orally and has notable activity in GBM, anaplastic astrocytoma, and mixed astrocytoma/anaplastic oligodendromas. Several studies have established the efficacy of temozolomide as a single agent in recurrent GBM in terms of response, progression-free survival (PFS), and improved quality of life (Brada et al., 2001; Harris et al., 2001; Stupp et al., 2001; Yung et al., 1999) .
Caelyx (Schering Canada, Pointe Claire, Quebec) is a liposomal formulation of doxorubicin in which the drug is encapsulated in liposomes (Stealth liposomes [Sequus Pharmaceuticals, Menlo Park, Calif.] ). Currently, it has an established role in the management of breast and ovarian cancer. Preclinical data has demonstrated the efficacy of Caelyx in mouse brain tumor models (Koukourakis et al., 2002; Sharma et al., 1997; Siegal et al., 1995) . A single clinical study of patients with recurrent high-grade gliomas demonstrated that this drug is well tolerated, with significant disease stabilization and prolongation of disease-free survival (Fabel et al., 2001 ). The major side effects found were palmar-plantar erythrodysesthesia and myelosuppression. No cardiac toxicity was observed.
The combination of temozolomide and Caelyx was examined in a phase 1 study, and results indicate that both agents can safely be given at full dose (Volm et al., 2000) . In view of the established efficacy of temozolomide and the potential pharmacokinetic benefits of Caelyx, we chose to evaluate the efficacy and toxicity of temozolomide and Caelyx in patients with recurrent GBM in a multi-institutional open-label phase 2 trial.
Patients and Methods

Patient Eligibility
Eligible patients were у18 years old and had histologically proven GBM and unequivocal evidence of tumor recurrence or progression at first relapse by contrastenhanced MRI or CT. Eligibility criteria included Eastern Cooperative Oncology Group performance status 0 -2, serum creatinine р1.5 times the upper limit of normal, granulocytes у1500/dl, platelets у100,000/dl, AST р2.5 times the upper limit of normal, total bilirubin within normal limits, completion of radiotherapy more than 4 weeks previously, left ventricular ejection fraction у lower limit of normal, and completion of any treatment more than 4 weeks previously. Patients had to have contrast-enhanced imaging within 3 weeks prior to study entry.
Patients were excluded if they had received prior chemotherapy for recurrent disease, had experienced severe intercurrent medical illness or symptomatic heart disease, had not recovered from surgery, or were pregnant or breastfeeding. Women of childbearing potential had to be using adequate contraceptive methods while on study and for 2 months after completion of treatment. If clinically possible, patients were to have been on a stable dose of steroid 1 week prior to treatment. The respective Institutional Ethics Committees approved the protocol, and patients were required to give informed consent.
Study Design
The study was a multi-institutional, open-label phase 2 study. Caelyx was given intravenously at a dose of 40 mg/m 2 diluted in 100 ml 5% dextrose on day 1. The initial infusion was administered more slowly because of the occasional acute reaction to the first dose. Five percent of the total dose was given over 15 min, and if this rate was tolerated, the infusion rate was doubled. The remaining infusion was completed over 60 min for a total infusion time of 90 min. Further courses of Caelyx could be infused over an hour if no reactions occurred during the first dose. If the patient experienced an infusion reaction, the infusion was ceased, and appropriate premedications such as an antihistamine and/or steroid were given. The infusion was then recommenced at a lower rate.
Temozolomide was administered orally on wakening in a fasting state at a dose of 200 mg/m 2 every day for 5 consecutive days every 4 weeks for up to 12 months. All doses were rounded up to the nearest 5 mg to accommodate capsule strength. Capsules of temozolomide were available in 5-mg, 20-mg, 100-mg, and 250-mg strengths. Patients were instructed not to have any food for 2 h after temozolomide. Water was allowed during the fasting period. Temozolomide was taken with a glass of water over as short a time as was possible. Patients were instructed to swallow capsules whole and in rapid succession and were told not to chew capsules. If vomiting occurred during the course of treatment, no re-dosing of the patient was allowed before the next scheduled dose.
Treatment with Caelyx and temozolomide was administered every 28 days on an outpatient basis until disease progression or a dose-limiting toxicity occurred. Toxicity and dose modifications were based on National Cancer Institute Common Toxicity Criteria version 2 (NCI, 1999). Criteria for retreatment were an absolute neutrophil count (ANC) Ͼ1500 cells/dl, platelet Ͼ100,000/dl, hemoglobin Ͼ10 g/dl, liver function test values р2 times the upper limit of normal, creatinine Ͻ1.5 times the upper limit of normal, total bilirubin within normal limits, and all other toxicity resolved to baseline or grade 1 except palmar-plantar erythrodysesthesia.
Dose Modifications
The doses of temozolomide and Caelyx administered for subsequent cycles were determined by the nadir ANC or platelet count on day 1. For patients with nadir ANC of 500 to 999 cells/dl and nadir platelet count of 50 to 74,999 cells/dl or nadir platelet count of 25 to 49,999 cells/dl alone, temozolomide and Caelyx were both reduced by 25%. If the nadir ANC was less than 500 cells/dl or nadir platelet count was less than 25,000 cells/dl, both drugs were reduced by 50%.
If patients experienced any grade у2 palmar-plantar toxicity, treatment was withheld for an extra week. If grade 1 toxicity persisted after a 2-week delay, Caelyx was reduced by 25%. If grade 3 or 4 toxicity persisted beyond 2 weeks, patients discontinued Caelyx and continued temozolomide if clinically indicated. For grades 3 and 4 nonhematological toxicity, treatment was withheld until the toxicity improved to grade 1 or less, and both Caelyx and temozolomide doses were reduced by 25%. All patients who developed grade 4 toxicity were taken off study.
Patients received a 5-hydroxytryptamine serotonin antagonist at the same time as they took their temozolomide and 8 mg of intravenous dexamethasone as an antiemetic prior to the administration of Caelyx. Prophylactic haematopoietic growth factors were not permissible, but could be used for febrile neutropenic episodes.
Patient Evaluation
Patients who received at least 1 course of chemotherapy were eligible for response evaluation. Performance status evaluation, clinical examination, neurological evaluation, hematological assessments, and clinical chemistry tests were performed monthly. Tumor status was evaluated by an independent radiologist every 2 months with a repeat MRI scan using MacDonald criteria (MacDonald et al., 1990) . A complete response (CR) was the disappearance of all enhancing tumor on scans at least 1 month apart, discontinuation of steroids, and stable or improved neurological status. A partial response (PR) was defined as a decrease of у50% in the product of the 2 largest perpendicular diameters of the enhancing lesion on scans at least 1 month apart, stable or reduced dose of steroids, and stable or improved neurological status. Progressive disease was a у25% increase in size of the product of the largest perpendicular diameters of enhancing tumor or a neurological assessment of "definitely worse" or any new tumor on scans. All other assessments were considered stable disease (SD).
Statistical Methods
This study was designed to evaluate the safety and efficacy of Caelyx used in combination with temozolomide in the treatment of recurrent GBM. The primary response variable was the response rate. Sample size was based on the Minimax design proposed by Simon for a 2-stage phase 2 trial (Simon, 1989) . Parameters that must be specified for this design are P 0 , a response rate of no interest (i.e., we would definitely reject the investigation drugs for further development if the true response rate were less than P 0 ); P 1 , a desirable response rate (i.e., we would definitely accept the drugs for further testing if the true response rate were greater than P 1 ); alpha, the probability of accepting an ineffective drug; and beta, the probability of rejecting an effective drug. The following set of parameters were selected by taking into consideration that temozolomide alone has an objective response rate (CR+PR) of 20% to 30% in patients with GBM: P 0 = 0.30, P 1 = 0.5, alpha = 0.10, beta = 0.10. These choices of parameters lead to the following sample sizes: 22 patients were to be enrolled in the first stage, and the trial was to stop if there were fewer than 7 responses. Otherwise, the trial was to continue until a total of 46 patients were enrolled. The drug combination was to be rejected for further development if 17 or fewer responses were observed in 46 patients. We used the exact binomial distribution to calculate 95% confidence intervals. KaplanMeier curves for progression-free and overall survival were analyzed.
Results
Patient Characteristics
Between March 8, 2001, and August 27, 2002, 23 patients were enrolled onto this study. One patient had a grade 4 hypersensitivity reaction within minutes of commencing the first dose of Caelyx and did not receive any further Caelyx. This patient has not been included in the efficacy analysis but has been included in the toxicity analysis. One patient had received 1 course of low-dose temozolomide during whole-brain irradiation, and 1 patient had 1 course of temozolomide for "recurrence" prior to a second surgical resection, which pathologically was proven to be radiation necrosis. The patient then developed pathologically proven tumor recurrence some months later prior to enrollment. Both these patients were included in both the toxicity and efficacy analysis. Thus 22 patients were evaluable for response and toxicity.
Patient characteristics are shown in Table 1 . All patients had undergone prior surgery and radiotherapy before developing recurrent GBM. Three patients had a second surgical resection at initial relapse and entered the study on progression. The median age was 55 years (range, 31-80 years), and 17 patients (77 %) were men. The median Eastern Cooperative Oncology Group performance status was 1 (range, 0 -2). The 22 patients received a total of 109 cycles. The median number of cycles administered was 4 cycles (range, 2 -12). Table 2 summarizes the response to therapy. Of the 22 evaluable patients, 1 patient (5%) achieved a CR, 3 patients (14%) achieved a PR, and 11 patients (50%) had SD. The overall response rate was 19% (95% confidence interval, 5%-40%). The median overall survival was 8 months (range, 1-16+ months). The median duration of response was 10.5 months (range 2 -16+ months), and the median duration of SD was 5.4 months (range 2.3 -8.6 months). Nine patients (32%) progressed after 2 cycles. One patient continues to be in CR at 16+ months. The median PFS for the cohort was 3.6 months (range, 1-16+ months). The 6-month PFS was 32%. At last analysis, 10 patients are alive, and 12 are dead. Figures 1a and 1b show Kaplan-Meier progression and overall survival curves.
Response Rates and Overall Survival
Toxicity
All adverse events are listed in Table 3 . Overall, the combination of temozolomide and Caelyx was well tolerated. There were no treatment-related deaths. Hematological toxicity included grade 3/4 neutropenia in 4 patients (18%) and grade 3/4 thrombocytopenia in 3 patients (14%). Two episodes of febrile neutropenia were documented. The most common nonhematological toxicities were rash/dry skin in 10 patients (45%), lethargy in 13 patients (59%), nausea or vomiting in 10 patients (45%), and mucositis in 11 patients (50%). Palmar-plantar toxicity was seen in 5 patients (28%), but only 1 patient had grade 3 toxicity. Four patients had a hypersensitivity reaction to Caelyx. Four patients (18%) were discontinued from the trial for (1) an attempt at curative re-resection after achieving a good PR, (2) grade 4 allergic reaction to Caelyx, (3) grade 4 febrile neutropenia, and (4) a sudden death at home of unknown cause. An additional patient developed a left below-knee deep vein thrombosis but continued on the trial while receiving antithrombolytic treatment.
Discussion
In this study, we evaluated the efficacy and tolerability of combination temozolomide and Caelyx in patients with recurrent GBM. Although the use of temozolomide in the Progressive disease 7 (32%) Fig. 1 . Kaplan-Meier survival curves. Progression-free survival curve (left) and overall survival curve (right). 
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This compares with that documented for temozolomide alone in the treatment of recurrent GBM but does not suggest that the combination is more active than single agent temozolomide (Brada et al., 2001; Harris et al., 2000; Stupp, et al., 2001; Yung et al., 1999) . However, the addition of stable disease to objective responses results in an overall response rate of 68%. This response rate also compares favorably with the response rates reported in studies examining combinations of temozolomide and other agents. (Britten et al., 1999; Gander et al., 1999; Patel et al., 2000) .
Of interest, the 6-month PFS was 32%. This compares favorably with the data from single agent temozolomide GBM studies, in which the 6-month PFS is approximately 20% (Brada et al., 2001; Harris et al., 2001; Khan et al., 2002; Yung et al., 1999) . This study was not statistically powered to examine 6-month PFS, nor was it the primary objective of this study. However, this data suggests that the addition of Caelyx to temozolomide may provide significant benefits in terms of disease stabilization and PFS.
There are obvious limitations with our trial. Like all studies, ours was limited by the well-documented difficulty of defining a radiological response (Gilbert, 2001 ). The radiological assessments were performed by independent neuroradiologists, and all objective responses were reviewed and confirmed by the investigators. Similarly, few patients had documented histologic proof of recurrent disease. However, all patients were required to have unequivocal disease progression based on MRI or CT scan appearances. Finally, the number of patients remains relatively small, and our findings may not be truly representative of the combination's efficacy.
Nevertheless, this study is the first to examine the combination of Caelyx and temozolomide in the treatment of recurrent GBM. Preclinical and early phase clinical data suggested that this might be an active and tolerable regimen. Our data confirms the tolerability of the regimen and identifies a modest number as an objective response rate. However, a number of secondary end points, including disease stabilization and the 6-month PFS, are more encouraging. Further studies of this combination appear warranted. Neuro-Oncology I JANUARY 2004 setting of recurrent GBM is well established, the role of Caelyx in this tumor type remains undefined. Our interest in using Caelyx in the treatment of recurrent GBM stems from a number of sources.
The ability of chemotherapy to cross the blood-brain barrier to reach brain tumors has been an ongoing therapeutic issue. Lipophilic agents have the potential to minimize this problem and to improve the safety profile. We have previously reported a phase 2 evaluation of a novel morpholino anthracycline (MX2), which demonstrated preclinical evidence of improved blood-brain barrier penetration because of its lipophilic properties. MX-2 proved to be active and well tolerated in patients with high-grade gliomas (Clarke et al., 1999) .
Doxorubicin is known to be effective in high-grade glioma cell lines and tumor models, but its efficacy is limited by its low lipid solubility. Caelyx, which is doxorubicin encapsulated in liposomes (Stealth liposomes), has demonstrated enhanced drug exposure and improved therapeutic activity in rat brain tumor models when compared to doxorubicin alone (Koukourakis et al., 2002; Sharma et al., 1997; Siegal et al., 1995) . In phase 1 studies the toxicity profile of doxorubicin was found to differ from that of the free drug alone (Uziely et al., 1995) . The main types of toxicity found were palmar-plantar syndrome and stomatitis. Caelyx may ameliorate the toxicity of doxorubicin while maintaining its efficacy. A solitary clinical study suggests that Caelyx produced significant and prolonged disease stabilization in patients with high-grade gliomas (Fabel et al., 2001) .
Temozolomide has predictable bioavailability and minimal toxicity, and the combination of Caelyx and temozolomide is particularly appealing given the documented efficacy of temozolomide coupled with the preclinical data recommending Caelyx in the treatment of GBM. In addition, studies have demonstrated that the drugs can be combined safely at full dose with little toxicity (Volm et al., 2000) .
Our study was terminated early because the objective response rate (CR+PR) did not reach that required according to the study design. At least 7 responders were required in the first 22 patients to warrant continuation of the study. We observed 4 objective responses (18%).
